
Additional file 3. Precisions formulae when the candidate is related to 
reference individuals 

First approximation 

Matrices 𝐀 and 𝐓 needed to apply formula {𝐼} are the following:   

The pedigree relationship matrix is 𝐀 =

(

 
 

1 1/2 0 ⋯ 0
1/2 1 0 ⋯ 0
0
⋮
0

0
⋮
0

1 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 1)

 
 

   and 

𝐓 =

(

 
 

𝑎 𝑏 0      ⋯          0
𝑏 𝑎 0      ⋯          0
0
⋮
0

0
⋮
0

1/(1 + 𝛾) ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 1/(1 + 𝛾))

 
 

 with 𝛾 =
𝜎𝑞
2

𝜎𝑒
2,  𝑎 =

1+𝛾

(1+𝛾)2−1/4𝛾2
  and 𝑏 = −

𝛾/2

(1+𝛾)2−1/4𝛾2
 

 

{𝐓𝐀𝐓𝐀𝐓}cc = a[(𝑎 + 𝑏/2)
2 + (𝑏 + 𝑎/2)2] + b[2(𝑎 + 𝑏/2)(𝑏 + 𝑎/2)]  

{𝐓E[𝐆∗𝐓𝐆∗]𝐓}cc = 𝑎
2hcc + 2abhc1 + 𝑏

2h11, with h = E[𝐆∗𝐓𝐆∗] 

  {E[𝐆∗𝐓𝐆∗]}ij = ∑ ∑ 𝑡𝑘𝑙 (
1

2
𝜏𝛼𝑖𝑗𝑘𝑙

1111 −
1

4
𝜏2𝛾𝑖𝑗𝑘𝑙

1111 + 4𝑎𝑖𝑘𝑎𝑗𝑙[𝜏
2 − 𝜏2])𝑘𝑙   

  hcc = ∑ ∑ 𝑡𝑘𝑙 (
1

2
𝜏𝛼𝑐𝑘𝑙

211 −
1

4
𝜏2𝛾𝑐𝑘𝑙

211 + 4𝑎𝑐𝑘𝑎𝑐𝑙[𝜏
2 − 𝜏2])𝑘𝑙  

Considering the structure of 𝐓 matrix in this case: 

  hcc = 𝑡𝑐𝑐 (
1

2
𝜏𝛼𝑐

4 −
1

4
𝜏2𝛾𝑐

4 + 4𝑎𝑐𝑐
2 [𝜏2 − 𝜏2]) + 𝑡11 (

1

2
𝜏𝛼𝑐1

22 −
1

4
𝜏2𝛾𝑐1

22 + 4𝑎𝑐1
2 [𝜏2 − 𝜏2]) +

∑ 𝑡𝑘𝑘 (
1

2
𝜏𝛼𝑐𝑘

22 −
1

4
𝜏2𝛾𝑐𝑘

22 + 4𝑎𝑐𝑘
2 [𝜏2 − 𝜏2])𝑘≠𝑐&1 + 2𝑡𝑐1 (

1

2
𝜏𝛼𝑐1

31 −
1

4
𝜏2𝛾𝑐1

31 + 4𝑎𝑐𝑐𝑎𝑐1[𝜏
2 − 𝜏2]) 

The needed parameters, following table 1, are given in Supplementary table 3. 

Supplementary table 3 

Parameters corresponding to the situation of a candidate son of a reference individuals (𝑘 ≠ 𝑐 & 1) 

𝛼𝑐
4 𝛾𝑐

4 𝛼𝑐1
22 𝛾𝑐1

22 𝛼𝑐1
31 𝛾𝑐1

31 𝛼𝑐𝑘
22 𝛾𝑐𝑘

22 𝛼𝑐𝑘
31 𝛾𝑐𝑘

31 𝛼𝑐𝑘𝑙
211 𝛾𝑐𝑘𝑙

211 𝑎𝑐𝑐 𝑎𝑐1 𝑎𝑐𝑘 

2 0 1 0 1 0 0 -4 0 0 0 -1 1 2⁄  1 4⁄  0 
 

Thus hcc = a(τ + τ
2 − τ2) + a (

1

2
τ +

1

4
[τ2 − τ2]) +

nr−1

1+λ
τ2 + 2b(

1

2
τ +

1

2
[τ2 − τ2]) . I will note  

𝜏 + 𝜏2 − 𝜏2 = 𝛾1  and 
1

2
𝜏 +

1

4
[𝜏2 − 𝜏2] = 𝛾2 

 

⇒ hcc = (a + b)(𝜏 + 𝜏
2 − 𝜏2) + a (

1

2
𝜏 +

1

4
[𝜏2 − 𝜏2]) +

nr − 1

1 + 𝛾
τ2 

For symmetrical reasons, the diagonal term h11 is identical to hcc 

  hc1 = ∑ ∑ 𝑡𝑘𝑙 (
1

2
𝜏𝛼𝑐1𝑘𝑙

1111 −
1

4
𝜏2𝛾𝑐1𝑘𝑙

1111 + 4𝑎𝑐𝑘𝑎1𝑙[𝜏
2 − 𝜏2])𝑘𝑙  



  hc1 = 𝑡𝑐𝑐 (
1

2
𝜏𝛼𝑐1

31 −
1

4
𝜏2𝛾𝑐1

31 + 4𝑎𝑐𝑐𝑎𝑐1[𝜏
2 − 𝜏2]) + 𝑡11 (

1

2
𝜏𝛼1𝑐

31 −
1

4
𝜏2𝛾1𝑐

31 + 4𝑎11𝑎𝑐1[𝜏
2 − 𝜏2]) +

∑ 𝑡𝑘𝑘 (
1

2
𝜏𝛼𝑘𝑐1

211 −
1

4
𝜏2𝛾𝑘𝑐1

211 + 4𝑎𝑐𝑘𝑎1𝑘[𝜏
2 − 𝜏2])𝑘≠𝑐&1 + 𝑡1𝑐 (

1

2
𝜏𝛼1𝑐

22 −
1

4
𝜏2𝛾1𝑐

22 + 4𝑎𝑐1
2 [𝜏2 − 𝜏2]) +

𝑡𝑐1 (
1

2
𝜏𝛼1𝑐

22 −
1

4
𝜏2𝛾1𝑐

22 + 4𝑎𝑐𝑐𝑎11[𝜏
2 − 𝜏2]) 

  hc1 = 𝑎 (
1

2
𝜏 +

1

2
[𝜏2 − 𝜏2]) + 𝑎 (

1

2
𝜏 +

1

2
[𝜏2 − 𝜏2]) +

nr−1

1+𝛾
(
1

4
𝜏2) + 𝑏 (

1

2
𝜏 +

1

4
[𝜏2 − 𝜏2]) +

𝑏 (
1

2
𝜏 + [𝜏2 − 𝜏2]) 

⇒ hc1 = (a + b)(𝜏 + 𝜏
2 − 𝜏2) +

1

4
b(τ2 − τ2) +

nr − 1

1 + 𝛾
(
1

4
𝜏2) 

For symmetrical reasons, the h1c is identical to hc1 
 

{𝐓E[𝐆∗𝐓𝐆∗]𝐓}cc = a
2hcc + 2abhc1 + b

2h11 = (a + b)
3(𝜏 + 𝜏2 − 𝜏2) + (a

2 + b2)a (
1

2
𝜏 +

1

4
[𝜏2 − 𝜏2]) +

1

2
ab2(τ2 − τ2) +

nr−1

1+𝛾
τ2 [a

2 + b2 +
1

2
𝑎𝑏]  

 

Using 𝜎𝑞
2E[𝚲cc] = 𝛾𝐓cc − 𝛾

3{𝐓𝐀𝐓𝐀𝐓}cc +
𝛾3

𝜏2
{𝐓E[𝐆∗𝐓𝐆∗]𝐓}cc and after some algebra the precision  

comes to be  
 

Ẽ[𝑟𝑞c,�̂�c
2 ] ~

1

𝜈2

−
1

𝛾a + 𝛾3
τ − τ2
τ2

[(a + b)3 + (a2 + b2)
1
2
a] + 𝛾3

τ2
τ2
[
1
4
a(b2 − a2) +

nr − 1
1 + 𝛾

(a2 + b2 +
1
2
 ab)]

        [𝑆𝑀3.1] 

 
 

Second approximation 

With the hypothesis of relatedness between reference individuals and absence of inbreeding, the 

averaged coefficients in formula {𝐼𝐼𝐼} are      𝑎𝑐𝑖
2  ̅̅ ̅̅̅ =

1

nr

1

16
,  𝛼𝑐𝑖

22̅̅ ̅̅ ̅ =
1

nr
 and  𝛾𝑐𝑖

22̅̅ ̅̅̅ = −4
nr−1

nr
 . 

Ẽ̃[𝑟𝑞c,�̂�c
2 ] = 1 − 𝜆𝛽

(∑ 𝜌
𝑚𝑚 ) + (∑ 𝜌

𝑚
2

𝑚 ) (1 +
1
4nr

−
nr − 1
nr

) − (∑ 𝜌
𝑚𝑚 )

2 1
4nr

− (∑
𝜌
𝑚
2

𝜎𝑚
2𝑚 ) (

1
2
1
nr
)

𝑛𝑟𝜏
           

Expectations of elements in 𝜌𝑚  are given in table 2. 

Ẽ̃[𝑟𝑞c,�̂�c
2 ] = 1 − 𝜆𝛽nM

𝑘
𝜔 𝜃 +

5
4nr

𝑘
𝜔2
[𝜃 (𝜔 −

2ℎ
𝜔 ) − 1] −

1
4nr

nM (
𝑘
𝜔 𝜃)

2

−
1
2nr
(
𝑘
2𝜔3

{2𝜃 +
𝜔
ℎ}
)

𝜏nr
           

Using 𝜆𝛽 = 𝜏 𝛾⁄ , and after some algebra,  

Ẽ̃[𝑟𝑞c,�̂�c
2 ] = 1 −

nM

𝛾𝑛𝑟
2 [nr

𝑘

𝜔
𝜃 +

5

4

𝑘

𝜔2
[𝜃 (𝜔 −

2ℎ

𝜔
) − 1] −

1

4
n
M

(
𝑘

𝜔
𝜃)

2

−
𝑘

4𝜔3
{2𝜃 +

𝜔

ℎ
}] 

Ẽ̃[𝑟𝑞c,�̂�c
2 ] = 1 −

nM𝑘𝜃

𝛾nr𝜔
−

nM𝑘

4𝛾𝑛𝑟
2𝜔2

(5𝜃𝜔 −
10ℎ𝜃

𝜔
−
2𝜃

𝜔
− 5 − nMk𝜃

2 −
1

ℎ
)                 [𝑆𝑀3.2]        


